Post-transcriptional mechanisms in type XVII collagen synthesis by Zalen, Sebastiaan van
  
 University of Groningen
Post-transcriptional mechanisms in type XVII collagen synthesis
Zalen, Sebastiaan van
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2006
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Zalen, S. V. (2006). Post-transcriptional mechanisms in type XVII collagen synthesis. s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
 CHAPTER 4 
SUBCELLULAR LOCALISATION OF TYPE XVII 
COLLAGEN IS DETERMINED BY THE 
ALTERNATIVE COL17A1  3'UNTRANSLATED 
REGIONS  
Sebastiaan van Zalen, Miranda Nijenhuis, Gonnie Meijer, 
Marcel F. Jonkman, and Hendri H. Pas 




The COL17A1 gene codes for type XVII collagen, a structural component of the 
hemidesmosome. Alternative splicing leads to two major transcript populations that differ 
by 610 nucleotides in the 3'Untranslated Region (3'UTR). UTRs can be involved in control 
of various cellular mechanisms including post-transcriptional regulation of translation, 
transcript stabilisation, and subcellular mRNA transcript localisation. In this study we 
investigated whether the 3'UTR sequence effects the localisation of the two major mRNA 
transcripts using green fluorescent protein (GFP) reporter assays in various cell types, and 
fluorescent in situ hybridisation (FISH) of COL17A1 mRNA in cultured cells and on skin 
sections. Transfection of a GFP-vector with the long 3'UTR variant cloned behind the GFP 
coding region directed GFP to perinuclear compartments, whereas the short 3'UTR variant 
led to a more random distribution of the recombinant protein. FISH demonstrated that the 
COL17A1 mRNA localisation has a similar distribution, since the long COL17A1 mRNA 
transcript variant is located perinuclear and the short COL17A1 transcript variant is 
observed throughout the cytoplasm.  
These observations demonstrate that the COL17A1 3'UTR, next to regulation of mRNA 
stability, is also important for the localisation of the mRNA transcript and thereby 
determines the subcellular location of type XVII collagen synthesis in the cell. 
An additional observation in the FISH experiments was that in skin not only the basal cells 
but also suprabasal cells express COL17A1 mRNA. Immunofluorescense demonstrated that 
non-differentiated cells in the suprabasal layer also expressed type XVII collagen with a 
granular distribution throughout the cytoplasm. The suprabasal expression suggests that 
type XVII collagen has other functions than mere anchoring of the basal keratinocytes to 
the basement membrane.  
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INTRODUCTION 
Type XVII collagen is a structural component of the hemidesmosome and is 
encoded by the COL17A1 gene3,7. Hemidesmosomes are structures that connect the 
epithelial basal cells to the underlying basement membrane129. They consist of at 
least six different polypeptides: type XVII collagen, the plakins BP230 and plectin, 
integrin α6β4, and tetraspanin/CD151 and plectin
4,38-44. Type XVII collagen itself is a 
type II orientated protein that protrudes for two-third out of the cell in the shape of 
a flexible hooked tail4,16.  
In skin, type XVII collagen is mainly expressed along the basal surface of the 
epithelial basal cells, but expression is also seen along the lateral surface of these 
cells19. Other tissues that express type XVII collagen include mammary, salivary and 
thyroid glands, oesophagus, colon, prostate, testis, placenta, thymus, and retina54,77. 
Deviant expression is observed at different stages of carcinogenesis and a correlation 
between over-expression and tumour-progression may exist15,70,156.  
Type XVII collagen is a target molecule in both autoimmune and genetic variants of 
blistering diseases. Genetic deficiency of type XVII collagen leads to 
Hemidesmosomal Epidermolysis Bullosa33,88,132; a condition characterised by skin 
fragility due to inadequate anchoring of the epidermal basal cells to the dermal 
matrix. From studies on the autoimmune blistering diseases it evolved that type 
XVII collagen is not only present as the full-length 180 kDa transmembrane form, 
but also as a cleaved 120 kDa soluble form that is further processed to a 97 kDa 
form19,21,181. This latter form localises to the lamina lucida underneath 
hemidesmosomes28. 
Also at the mRNA level more transcript forms are found, at least six, all with 
apparently the same coding region but with different 5' and 3'Untranslated Regions 
(UTRs)12 (Van Zalen et al, in press). Whether this heterogeneity at the transcript level 
is related to the appearance of the different protein forms is unknown. So far, some 
evidence has been presented that favours generation of the soluble 120 kDa form 
from the full length protein by proteolytic shedding22. However, if this occurs at the 
hemidesmosome or at another location is unknown.  
In a previous study we demonstrated that the two alternative 3'UTRs, generated by 
differential splicing of exon 56, influence both the transcript stability and the 
translation level. Keratinocytes are thus able to control the type XVII collagen 
protein level by differential expression of the COL17A1 gene (Van Zalen et al, 
unpublished data). 
Next to post-transcriptional regulation of translation and transcript stabilisation, the 
3'UTR may also localise the mRNA to specific subcellular sites. This enables 
encoded proteins to be translated close to their place of action. Such specific 
localisation can be effectuated by different stability in different subcellular locations 
but also by active transport of mRNAs. Both mechanisms are accomplished by 
binding of trans-acting factors to cis-acting signals -“zipcodes”- within the 3'UTR that 
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can be sequence- but also structural-based motifs182-184. Regional stability of mRNA 
transcripts is achieved by protection from degradation after binding of protective 
trans-acting factors to the cis-acting elements185. In the mRNA targeting mechanism 
actual transport of transcripts takes place along cytoskeleton elements followed by 
delivery and anchoring at the place of action. Two classes of cytoskeleton elements 
have been shown to be used: actin microfilaments for short distances and 
microtubuli for long-distance transport186,187. 
Since basal keratinocytes are polarised cells with respect to the localisation of type 
XVII collagen protein the location of production might also be controlled. In this 
study we investigated whether the 3'UTR sequence effects the localisation of the two 
major mRNA transcripts. Moreover, we explored whether this localisation of the 
mRNA transcripts directs type XVII collagen protein production to distinct 
subcellular compartments. 
 
MATERIAL AND METHODS 
Cell culture 
The squamous cell carcinoma line UMSCC-22B, originally derived from a tumour of the 
hypopharynx, was cultured in DMEM (Gibco, Paisley, UK) supplemented with 5% fetal calf 
serum (Cambrex, Verviers, Belgium), 2 mM L-glutamine, 100 U/mL penicillin and 100 
µg/mL streptomycin (Gibco) at 37°C with 5% CO2134. Normal human keratinocytes were 
cultured from patches of clinically unaffected donor skin of breast reductions. The 
epidermis was separated from the dermis after overnight incubation with 2.4 U/ml dispase 
at 4°C followed by incubation of the epidermis with 0.025% trypsin, 0.01% EDTA at 37°C 
for 10 minutes. The harvested keratinocytes were cultured under serum-free conditions 
using Keratinocyte-Serum Free Medium (SFM) (Gibco) according to Mitra and Nickoloff135 
also at 37°C with 5% CO2. The medium was supplemented with 25 µg/ml Bovine Pituitary 
Extract (BPE) and 0.1 ng/ml Recombinant Epidermal Growth Factor (rEGF) (all from 
Gibco). The type XVII collagen deficient keratinocyte cell line, hereafter referred to as t-
mar, was generated by immortalizing keratinocytes of a HEB patient, homozygous for the 
2342delG mutation165. The keratin 14 deficient keratinocyte cell line, hereafter referred to as 
t-witt, was generated by immortalizing keratinocytes of a HEB patient, homozygous for the 
KRT14 1842-2A-->C splice-site mutation188. These transformations were accomplished at 
the Fred Hutchinson Cancer Research Center (Seattle, WA)  using the LXSN16E7 retroviral 
vector166. This retroviral vector contains E6 and E7 coding sequences from human 
papilloma virus and a neo resistance gene. We used no drug selection, as in prolonged 
culture only the infected cells would proliferate while non-infected cells would cease 
growing due to differentiation. After immortalization and selection the cells were tested for 
retrovirus production to ensure that the cells did not produce any virus. Immunoblotting 
and immunofluorescence confirmed the absence of measurable type XVII collagen 
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production in t-mar cells. The t-mar and t-witt cells were cultured under the same 
conditions as NHKs. 
Plasmid construction 
The COL17A1 3'UTR was amplified by RT-PCR using gene specific primers that had an 
additional XbaI recognition sequence synthesized at the 5'end (Eurogentec, Seraing, 
Belgium). For RT-PCR, cDNA of normal human keratinocytes (NHKs) and UM-SCC22B 
cells were used. PCR products were ligated into the pCR4 TOPO TA cloning vector 
(Invitrogen, Carlsbad, CA) and subsequently digested with XbaI (MBI Fermentas, Vilnius, 
Lithuania).  After electrophoresis the digested fragments were isolated from agarose gel with 
the Gel Purification kit from Qiagen (Hilden, Germany). Isolated DNA fragments were 
ligated into the unique XbaI recognition site of the phMGFP-vector (Promega, Madison, 
WI) with T4 DNA ligase (Fermentas).  Plasmids were checked for the correct sequence by 
DNA sequence analysis. For schematic depiction of the constructs see Fig. 1. 
 
 
Figure 1. Schematic depiction of the GFP-COL17A1 3'UTRs constructs in the 
phMGFP- vector.  
Numbers correspond to the COL17A1 mRNA sequence (roman) and the phMGFP-
sequence (italic). 
Cell transfection 
All cell types but SCC were transfected with poly-L-ornithine (Sigma, St. Louis, MO, USA) 
followed by a DMSO-shock. In detail, cells were plated in a 12-wells plate in a density of 
1*105 cells/well and incubated overnight in their respective culture media. Transfection 
mixtures of 2.0 µg of phMGFP-vector in 100 µl HS-buffer (150 mM NaCl, 20mM HEPES) 
containing 0.33 µl poly-L-ornithine were pre-incubated at RT for minimal 10 and maximal 
15 minutes. The medium on the cells was changed and the transfection mixture was added. 
After four hours incubation the medium was removed and 250 µl RT culture medium 
containing 25% DMSO (Sigma) was pipetted onto the cells. After four minutes the cells 
were washed with 0.5 ml HBSS (Gibco), 1.0 ml culture medium was added and the cells 
were incubated for a further 48 hours at 37ºC.  
SCC cells were transfected with DOSPER (Roche, Mannheim, Germany). In brief, SCC 
cells were seeded in a density of 1*105 cells/well and incubated overnight in DMEM. 
Transfection mixtures of 2.0 µg vector and 5 µl DOSPER in a total volume of 100 µl HS-
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buffer were incubated for 15 minutes at RT. After replacing of the medium the transfection 
mixture was added and the cells were incubated for a further 48 hours at 37ºC. After 24 
hours, another 0.5 ml medium was added, to preclude starvation of the cells.  
After 48 hours, cells were washed with PBS and fixed in 4% formaldehyde in PBS, followed 
by washing with again PBS. Next, cells were mounted in glycerol/PBS (1/1 v/v) and for all 
cell types a representative number of cells was photographed. 
Table 1. Location and region of the probe sequences as used in the FISH experiments 






















*Numbering according to Giudice4. 
RNA probes 
Digoxigenin (DIG)- and biotin-labeled RNA probes were synthesized using the DIG- or 
Biotin Labeling mix (Roche), according to the manufacturer’s protocol with some minor 
modifications as described below. DNA fragments were generated by PCR on SCC cDNA 
that was produced by transcribing SCC mRNA with Superscript reverse transcriptase 
(Invitrogen). PCR products were cloned into vector pCR4 (Invitrogen). Plasmids were 
linearized either with restriction enzyme NotI or with BcuI (Fermentas), depending on the 
type of RNA polymerase, T3 or T7 (Fermentas), that was used in the subsequent 
transcription reaction. Probes were then generated by in vitro run-off transcription on 
linearized plasmid (for sequences and location see Table 1).  
In situ hybridisation 
Cell fixation  
Cryosections of 4 µm thickness were cut from skin biopsies of healthy individuals and these 
were fixed in 4% formaldehyde in PBS at 37˚C for 24 hours. Next the sections were 
subsequently washed with 17 mM potassiumdihydrogenphosphate, 52 mM 
sodiumphosphate, 1.5 M Nacl pH 7.2 (PBS), deionized water, ethanol and then air-dried. 
Sections were either used immediately or else stored at –20˚C.  
Cultured cells were grown on LabTek Chamber Slides (Nunc, Wiesbaden, Germany) to 
subconfluence. After three washings in PBS, cells were fixed in 4% formaldehyde/PBS 
(Merck, Darmstadt, Germany) for 20 minutes cells at RT. After again three washes in PBS 
they were treated with 0.2 M HCl for 10 minutes at RT, and then rinsed in 10 mM Tris-HCl 
pH 7.4, 150 mM NaCl (TBS) for three times.  
Tissue permeabilisation for both the cryosections and the cultured cells was achieved by 
incubation in 500 ng/ml Proteinase K (Fermentas) in TBS at RT for 1 h. After 
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permeabilisation, cells were rinsed in TBS and directly used for the actual in situ 
hybridization. Before actual in situ hybridisation, cultured cells were treated in acetic 
anhydride (0.25% v/v; Merck) for 10 minutes at RT and fixed again in 4% 
formaldehyde/PBS for 10 minutes at RT. In between cells were washed with PBS. 
In situ hybridization 
Slides were pre-incubated in hybridisation buffer (40% deoinized formamide (Ambion), 
4xSCC (600 mM NaCl, 60 mM NaCitrate, pH 7.0), 10 mM Ultrapure EDTA (USB 
corporation, Cleveland, OH, USA) 10% Ultrapure dextran sulphate (USB), 0.05% 
polyvinylpyrrolidon, MW 360,000 (USB), 0.05% Ficoll™ PM400 (Amersham Biosciences 
AB, Uppsala, Sweden), 0.05% Acetylated BSA (Sigma), 0.01% hearing sperm DNA (Roche) 
at 55˚C for at least 1 hour.  
This was followed by overnight hybridisation at 55˚C with respectively 50 µl of 2 ng/µl 
DIG – and/or biotin-labeled probe (Table 1) in hybridisation buffer when using Labtek 
slides or 25 µl of 4 ng/µl when using skin sections. After rinsing in TBS, sections were 
treated with 1 µl RNAse A (Fermentas) in 100 µl RNAse buffer (10 mM Tris-HCl pH 8.0, 
0.5 M NaCl, 1 mM EDTA) at 37˚C for 30 minutes, and then incubated in pre-warmed wash 
buffer (50 mM Tris-HCl, 150 mM NaCl pH 9.7) at 55˚C for another 30 minutes. Next, 
sections were blocked for at least 1 hour in block buffer 1 (0.05% blocking reagent (Roche), 
0.1 % Triton X-100, 0.1% SDS in maleate buffer pH 7.5) at RT.  
DIG-labeled probes were detected by incubation of the slides with α-DIG Fab fragments 
conjugated with POD (Roche, 150 U/ml 1/20 in block buffer 2 (0.02% blocking reagent, 
0.1% Triton X-100, 0.1% SDS in maleate buffer pH 7.5) for 24 hours at RT. Hereafter, 
slides were washed with TBS twice. Biotin-labeled probes were detected by incubating the 
sections with streptavidin-HRP (DAKO, Glostrup, Denmark, 0.40 mg/ml, 1/50 in buffer 2) 
for 1 h at RT. Thereafter, sections were incubated with goat biotinylated α-streptavidin 
(Vector Laboratories Inc. Burlingame, CA, 0.50 mg/ml 1/100 in buffer 2) at 37˚C for 30 
minutes, followed by incubation with again the first streptavidin-HRP antibody for 1 h at 
RT. In between incubations, slides were washed with TBS twice.  
TSA reaction 
Tyramide reagent, conjugated with either Alexa Fluor ® 488 or 568 (Molecular Probes, 
Leiden, the Netherlands), was diluted in amplificationbuffer/0.0015% H2O2 (Molecular 
Probes) and brought onto the sections for either 5 minutes on skin sections (only Alexa ® 
488) or 2 minutes for both Alexa Fluors on cultured cells at 37˚C in the dark. Before and 
after the tyramide reaction, slides were washed in pre-warmed PBS for three times. For 
double staining of sections, the full procedure was first executed for the DIG-labeled 
probes, including the TSA reaction. After that, residual HRP-activity was quenched by 
incubation in 1% H2O2 in PBS for 1 hour, followed by washing in TBS for three times. 
Next, the biotin-labeled probes were detected with the other wavelength TSA reagent. After 
the TSA reaction, nuclei were counterstained with 1 µg/ml bisbenzimide (SERVA, 
Heidelberg, Germany) in PBS for 5 minutes. The slides were rinsed with PBS and then 




Immunofluorescent slides or Labteks were examined with a Leica DMRA microscope 
equipped with switchable filter cubes for selective incident light fluorescence. For detection 
of Alexa Fluor ® 488 or GFP-protein fluorescence expression we used a Chroma high Q 
filter set containing (a) exciter filter HQ 480/40, (b) dichroic beam splitter Q 505 LP, and 
(c) emission filter HQ 535/50. For Alexa Fluor ® 568 and LSRC fluorescence we used a 
Chromas Texas red highQ filter set with (a) exciter HQ 560/55, (b) beamsplitter Q 595 LP, 
and (c) emission filter HQ 645/75. Bisbenzimide staining was observed with (a) exciter HQ 
340-380, (b) beamsplitter Q 400 LP, and (c) emission filter LP 425.  
Three objectives were used: an HC PL 20x/0.50, a PL APO 40x/0.85, or an HCX/PL 
FLUOTAR 63x/0.90 dry objective in combination with an HC PLAN 10x/20 objective. 
Representative areas of each slide were photographed using a DFC350 FX camera (Leica 
Microsystems AG, Wetzlar, Germany) for all filter sets, and pictures were overlaid with the 
help of Leica Application Suite software using the image overlay module.  
Immunofluorescence staining of proteins 
Cryosections of 4 µm thickness were cut of skin biopsies of healthy donors. Sections were 
incubated with monoclonal 1A8C (1/50 diluted in PBS containing 1% ovalbumin) against 
the intracellular part of type XVII collagen, either alone or in combination with a rat IgG2a 
anti-Hsc-70 antibody (Stressgen Bioreagents, Victoria BC, Canada), diluted 1/1800. As 
second antibodies were respectively used goat anti-mouse IgG conjugated with Alexa Fluor 
® 488 (Molecular Probes) and a donkey anti-rat IgG antibody conjugated with LRSC 
(Jackson Immunoresearch, Cambridgeshire, UK), both in a 1/100 dilution. In between, 
sections were washed with PBS for three times and antibodies were incubated for 30 
minutes at RT. Sections were counterstained with 1 µg/ml bisbenzimide (SERVA) in PBS 
for 5 minutes. After rinsing with PBS, slides were mounted in PBS/glycerol.  
 
RESULTS 
GFP-reporter gene is translated at different cellular locations dependent on 
the COL17A1 3'UTR variant.  
Normal human keratinocytes and keratinocyte cell lines were transfected with a GFP 
reporter gene plasmid with either the long COL17A1 3'UTR or the short COL17A1 
3'UTR cloned behind the GFP coding sequence (Fig. 1). Normal human 
keratinocytes transfected with the long variant construct showed a perinuclear 
distribution of fluorescent protein in most of the transfected cells, whereas cells 
transfected with the short variant construct displayed a more randomly located 
fluorescent signal in the majority of the cells (Figs. 2A and 2B). 
Transfection with the empty GFP-vector resulted in random localisation comparable 
to the transfection with the short 3'UTR variant (Figs. 2C and 3A). Fischer exact test 
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demonstrated the difference to be highly significant. The expression levels with both 
variants appeared similar and the localisation was independent of the passage 
number of the keratinocytes. 
To investigate whether the boundary of the cytoplasm was the determining factor in 
the localisation of GFP protein by the COL17A1 3'UTR, fluorescent microscopy 
images of transfected cells with GFP constructs were overlaid with light microscopy 
images of the same cells (Fig. 4). These pictures clearly demonstrate that the 
localization of the GFP protein is not hampered by the volume of the cytoplasm and 
that the 3'UTR therefore determines its location. 
This localisation effect appeared to be independent of the cell type transfected. In all 
used cell lines, UMSCC-22B, t-witt, and also t-mar that contains about 3% 
COL17A1 mRNA compared to normal keratinocytes, GFP protein expression was 
observed predominantly perinuclear after transfection of the long COL17A1 3'UTR 
construct and randomly after transfection of the short variant or the GFP-vector 







Figure 2. GFP is expressed at different locations in the cell depending on the 
COL17A1 3'UTR variant. 
(A and B) Keratinocytes transfected with the long variant 3’UTR-GFP construct express 
GFP protein perinuclear, whereas keratinocytes transfected with the short variant 3’UTR 
construct show random localisation of GFP protein. (C) Transfection with the empty GFP-
vector gives a same distribution as the short variant 3'UTR -GFP construct. Four 
representative pictures for each GFP-construct out of three independent experiments are 
shown, and in these experiments a total of 239 keratinocytes were examined. 
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The alternative COL17A1 mRNA transcripts are targeted to distinct 
subcellular locations in the cytoplasm of keratinocytes 
The difference in subcellular location observed in the reporter gene analyses made 
us investigate whether the localization of the two major alternative COL17A1 
mRNA transcripts differed similar in subcellular localization in keratinocytes. 
Therefore we performed two colour FISH in which COL17A mRNA in cultured 
keratinocytes was hybridized with several probes against different regions of the 
COL17A1 mRNA (Table 1). Two DIG-labeled probes were made against sequences 
in the coding region, both hybridizing with both the long and the short variant. 
These were stained with Alexa Fluor ® 568 and thus appeared as red fluorescence. 
A third biotin-labeled probe was created against a sequence in the unique insert in 
the COL17A1 3'UTR and hybridized only with the long variant. This was stained 
with Alexa Fluor ® 488, which is a green fluorescent molecule. 
 
 
Figure 3. Distribution of perinuclear and random GFP expression after transfection 
of the GFP constructs in different cell types. 
Cytoplasmic localisation of GFP-protein was judged as either perinuclear or random in a 
representative number of cells for each transfected cell type. Dark grey bars express 
perinuclear localisation and light grey bars express random localisation (percentages). (A) 
Normal human keratinocytes, n = 239 (B) UM-SCC22B cells, n = 74 (C) t-mar cells, n = 50 
(D) t-witt cells, n = 36. Fisher exact test revealed significant difference in GFP localisation 
after transfection of the long variant 3'UTR construct and the short variant 3'UTR 
construct. ***P<0.0001, **P<0.01, *P<0.05. 
FISH with all antisense probes simultaneously demonstrated the same location of 
the COL17A1 transcripts as above, since green fluorescence was again mainly 
observed near the nucleus and red fluorescence was seen throughout the cell (Figs. 
5D and 5E). In an overlay of both images this is seen as a light green color around 
Chapter 4 
 68 
the nucleus (Fig. 5F). The red fluorescence seen throughout the cytoplasm 
confirmed the more extensive spreading of the short transcript.  
 
 
Figure 4. Perinuclear and random expression of GFP. 
Overlays of GFP-expression images with light microscopic images of the same keratinocytes 
shows (A) the perinuclear GFP-localisation by the long variant COL17A1 3'UTR -GFP 
construct (B) and the random localisation of GFP-protein by the short variant 3’UTR-GFP 
construct. Bar is 10 µm. 
When the second - anti-biotin- antibody after hybridizing of both DIG- and biotin- 
labeled probes was omitted, then no green fluorescence was observed, 
demonstrating that any residual HRP-activity after staining of the first - anti-DIG- 
antibody was totally abolished (not shown). Therefore, the green fluorescence is 
solely the result of the biotin-labeled probe targeting the long COL17A mRNA 
transcript. Control hybridizations with matching sense probes were negative (Fig. 
5C).  
In the squamous carcinoma cell line UM-SCC22B a shift in the alternative splicing 
ratio of COL17A mRNA is observed, such that the short transcript becomes the 
dominant form12 (Van Zalen et al, unpublished results). Hence, to confirm the 
distinct locations of the alternative COL17A1 mRNA transcripts, especially that of 
the short variant, we applied the same double FISH technique on cultured UM-
SCC22B cells. This demonstrated that the short transcript is indeed spread in the 
cytoplasm, although due to the small extent of the cytoplasm in carcinoma cells we 
saw in most cells only two small concentric rings (Figs. 6D, 6E, and 6F). The inner 
ring that enclosed the nucleus is home to the long COL17A transcript, whereas the 
red fluorescence in the outer ring thus denominates the expression of the short 
COL17A1 transcript throughout the cytoplasm. Hybridizations with single probes 
and sense probes confirmed the correctness of the signals (Figs. 6A, 6B, and 6C).  
COL17A1 mRNA expression in human skin 
Surprisingly, during investigation of COL17A1 mRNA expression in human skin 
sections, we observed that COL17A1 mRNA is not only expressed in the basal layer 
of the epidermis but also in the suprabasal layers (Fig. 7A). FISH on skin slides of a 
HEB patient, who had less than 5% COL17A mRNA expression (Van Zalen et al, 
unpublished data), was used to confirm the specificity of the hybridisation signal 
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(Fig. 7B). COL17A1 mRNA expression was absent in all layers of the epidermis in 
this HEB patient, indicating that the technique is valid, and thus confirming that 
indeed suprabasal mRNA expression is present in the epidermis. Moreover, also 
hybridisation of the corresponding sense probes on skin sections was negative as 
expected (Fig. 7C). 
The suprabasal expression was unexpected since type XVII collagen expression is 
thought to be present in basal keratinocytes only. In basal cells it is reported 
predominantly on the basal cell surface with some lateral expression around the 
entire cell membrane17. Since we found COL17A1 mRNA expression also in the 
suprabasal layers we decided to explore type XVII collagen protein expression in 
skin sections by use of the 1A8C monoclonal that stains only the full-length 
molecule but not the soluble form. Next to the expression at the basal surface of the 
basal keratinocytes, granular perinuclear and cytoplasmic expression is observed in 
the basal keratinocytes and also in suprabasal keratinocytes (Fig. 8).  
Immunofluorescence in skin sections of a HEB patient showed the absence type 
XVII collagen expression herein (not shown). Double-staining with an anti-Hsc70 
antibody, together with 1A8C showed the suprabasal type XVII collagen expression 
was only present in keratinocytes that had not differentiated yet (Fig. 9C). The anti-
Hsc70 antibody stains the heat shock cognate protein Hsc70 that is specifically 
expressed in differentiated suprabasal keratinocytes189,190 (Fig. 9B). 
 
DISCUSSION 
In this study we have investigated whether the alternative splicing of the COL17A1 
3'UTR has any influence on the localization of the COL17A1 transcripts and type 
XVII collagen by GFP-reporter protein expression and mRNA FISH studies. The 
long COL17A1 3'UTR variant directed its translated protein into perinuclear 
compartments, and not, as maybe expected, close to the cell membrane, whereas 
protein production by the short variant is more randomly dispersed. This protein 
localization results from differential targeting of the two alternative mRNA 
transcripts. The long COL17A1 mRNA transcript focuses near to the nucleus 





Figure 5. FISH demonstrates that the long and short COL17A1 transcripts are found 
at different locations in cultured keratinocytes. 
COL17A1 mRNA is detected with probes against different sequences in the COL17A1 
mRNA (Table 1). Red fluorescence evolves from two different DIG-labeled probes that 
hybridize with the coding region, and thus with both transcript variants. Green fluorescence 
represents the biotin-labeled probe that is directed against the unique insert in the 3'UTR of 
COL17A1 mRNA and thus visualises only the long variant. A shows fluorescence from the 
biotin probe and thus demonstrates that the longer COL17A1 mRNA is located perinuclear. 
In B only the fluorescence after hybridisation of the DIG-probes is displayed, and this 
shows the distribution of all COL17A1 mRNA variants, that appears to extend throughout 
the whole cytoplasm. The cytoplasm thus harbours predominantly the short variant. Note 
the strong expression near the nucleus in B, caused by the difference in expression of both 
transcripts, which is in favour of the long variant in normal human keratinocytes. In E, D, 
and F probes are hybridised simultaneously, and locations of both COL17A1 mRNA 
transcripts here is in agreement with the single colour hybridizations. Again a light green 
colouring is seen around the nucleus depicting perinuclear expression of the long COL17A 
transcript and a red colouring throughout the cytoplasm indicating the random location of 
the short COL17A1 mRNA. F shows that the corresponding sense probes are negative. Bar 
is 20 µm. 
An additional observation was that COL17A1 mRNA was also expressed in 
suprabasal keratinocytes. This was rather unexpected considering that type XVII 
collagen is primarily seen as an adhesive hemidesmosomal protein that is important 
for anchoring of the basal cells to the extracellular basement membrane matrix.  
Immunofluorescence confirmed that the type XVII collagen protein is indeed 
suprabasally expressed and thereby confirmed that COL17A1 mRNA is present in 
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these layers. Double staining with Hsc-70 showed that these cells had not yet 
differentiated. The absence of the typical linear basement membrane staining of type 
XVII collagen in the more suprabasal layers indicates that tangential cutting cannot 
explain the observed patterns.  
Since no hemidesmosomes are observed in suprabasal cells type XVII collagen must 
exert another function herein. Supposed additional functions for type XVII collagen 
include involvement in signal transduction and ligand or receptor activity, and our 
data undoubtedly show the need for further research into these options22,35. 
 
 
Figure 6. FISH on the squamous carcinoma cell line UM SCC 22B confirmed the 
distinct locations of both alternative COL17A1 transcripts. 
The SCC cells were hybridized as in Fig. 7. Note the smaller extent of the cytoplasm in these 
cells leading to fluorescence appearing as two concentric rings around the nucleus (D, E, 
and F). The inner ring denotes expression of the long transcript, whereas the larger red ring 
indicates expression of the short COL17A1 transcript. Controls (A, B, and C) are similar as 
in Fig. 7.  
We were surprised by the staining patterns of the basal cells. Type XVII collagen is 
present as granules trough the cell and close inspection showed that many granules 
are close to the nucleus while some are somewhat more distributed through the 
cytoplasm, mimicking the observations in the transfection experiments. Thus in skin 
type XVII collagen is synthesized at the same subcellular location as in cultured cells. 
The second striking observation was that the expression along the basement 
membrane zone (BMZ), where the hemidesmosomes reside, is far from spectacular 
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and, unlike reported before, only shows very faint linear intensifications. When we 
repeated the experiment but now added a little Triton, most cytoplasmic expression 
was lost and a thin line along the BMZ emerged (not shown). This population must 
represent the hemidesmosomal type XVII collagen fraction. That the expression 
patterns we describe here have not been reported before has two causes. First, most 
staining experiments were performed with antibodies that are specific to the 
extracellular domain. These, however, stain both the full-length and the shedded 120 
kDa molecule. The latter molecule is located in a linear fashion just underneath the 
basal cell. Previous researchers always described their observed staining patterns as 
typical for type XVII collagen without realizing that their images were in fact 
contaminated with the shedded molecule. Second, most skin sections had fixations 
that may remove -as Triton- the cytoplasmic staining.  
Our data demonstrate that type XVII collagen synthesis is a very active process in 
basal keratinocytes and the amount of type XVII collagen not present in 
hemidesmosomes by far exceeds the population that is hemidesmosome bound.  
It was suggested that lateral localized type XVII collagen is stock for the forming of 
new hemidesmosomes, as these proteins were demonstrated to be already in the 
trimer form, and since other hemidesmosomal protein components had also been 
observed laterally17. Our data do not contradict this suggestion but on the other 
hand do demonstrate that identical distributions are seen in suprabasal cells, which 
cannot be explained as stock for new hemidesmosomes. 
At first sight the perinuclear location of the long COL17A1 mRNA variant seems 
surprising considering type XVII collagen is a membrane bound protein. 
Transmembrane proteins, however, are translated on the membrane bound rough 
endoplasmatic reticulum (ER). The first N-terminal stretch is translated in the 
cytosol by free ribosomes, after which the ribosomal complex with the protein is 
directed to the rough ER by a signal recognition particle (SRP) that binds to an N-
terminal signal sequence191,192. After completing the translation at the rough ER the 
resulting protein is then targeted to the membrane through either the Golgi 
apparatus or lysosomes. 
A hypothesis to explain the different location of the two 3'UTR forms could be that 
the long COL17A1 mRNA transcript translates the membrane bound type XVII 
collagen destined for hemidesmosomes, whereas the short variant translates type 
XVII collagen involved in some other processes. In such a hypothesis, the type 
XVII collagen translated by the short mRNA variant should lack the N-terminal 
signal sequence, since it seems to be translated on free ribosomes. This suggests 
variance at the protein level for type XVII collagen. For this no evidence has been 
found although it should be taken in account that also the heterogeneity in the 
COL17A1 5'UTR is currently unexplained.  
Most important however, our data point out an essential role for the COL17A1 
3'UTR in the perinuclear localization of the transcript. Therefore, we propose an 
alternative hypothesis for the localization of the COL17A1 mRNA transcripts: 
trafficking by trans-acting proteins through cis-acting sequences in the 3'UTR. Such 
Subcellular localization determined by the 3'UTRs 
 73 
mechanism has already been observed for several other genes and here in most cases 
conserved stem-loops are responsible for the targeting of the mRNA transcripts193-
195. Trans-acting RNA-binding proteins form the link between the mRNA and the 
cytoskeleton193,196. In this way mRNA transcripts may traffic throughout the cell via 
the cytoskeleton. Secondary structures of the COL17A1 3'UTR (nucleotides 4591-
5546) show the existence of a stem-loop in this long 3'UTR variant that is absent in 
the short variant (Fig. 10). The sequence (nucleotides 4728-4797) of this stem loop is 
highly conserved between species (van Zalen et al, submitted).  
The two other conserved sequences (nucleotides 4946-4986 and 5043-5095) in the 
unique 610 nucleotides sequence of the long variant have less predicted complex 
secondary structures. To prove the existence of such a mechanism actual protein 
binding to the 3'UTR has to be demonstrated.  
This perinuclear translation of type XVII collagen fits in a model in which type 
XVII collagen translated at the endoplasmatic reticulum and is then transported to 
the cell membrane for incorporation into the hemidesmosomes. The GFP-protein 
used in our expression study is no membrane-bound protein and lacks such a signal 
needed for transport to the cell membrane. In type XVII collagen the membrane 
localisation sequence is found in the N-terminus53,197,198.  
There is some support for our model. Hopkinson and Jones stated that type XVII 
collagen and BP230, another structural component of the hemidesmosome, may 
associate in the cytoplasm before incorporation into the hemidesmosome199. We 
hypothesise that this connection is achieved perinuclear, and this is supported by 
hemidesmosomes-like structures seen at the cell surface in the perinuclear region 
shortly after plating200. BP230 expression has already been observed near the 
nucleus, and this localisation was directed by a conserved short protein stretch in the 
plakin domain201. Therefore, after translation near the nucleus BP230 may already 









Figure 7. COL17A1 mRNA expression is observed in both basal and suprabasal 
keratinocytes. 
(A) FISH with antisense probes against the coding region of COL17A1 mRNA on normal 
human skin shows expression of COL17A1 mRNA in both the basal and the suprabasal 
layer. (B) The same experiment on type XVII collagen deficient HEB skin demonstrates the 
specificity of the signal in A as no staining is seen here. The circle (o) indicates a blister 
cavity. (C) Control hybridisation of the corresponding sense probes on normal human skin 




Figure 8. Immunofluorescent localization of full-length type XVII collagen in skin. 
Normal human skin was stained with the monoclonal 1A8C that is directed against an 
intracellular epitope of type XVII collagen. (A) Type XVII collagen is, next to basement 
membrane, also expressed in both basal and suprabasal keratinocytes and it localises in a 
granular fashion throughout the cytoplasm. In suprabasal keratinocytes the typical linear 
basement membrane zone staining (arrow) is absent. (B) Magnification of suprabasal cells of 
A. Note the perinuclear expression (arrow) and the more random localisation (arrowhead). 
Bars are 10 µm. 
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Figure 9. Double immunofluorescence staining shows that type XVII collagen 
expression is only present in non-differentiated keratinocytes in suprabasal layers. 
Normal human skin was stained with monoclonal antibody 1A8C against type XVII 
collagen (in green) and a monoclonal against Hsc-70 (in red), that is specifically expressed in 
differentiated keratinocytes. (A) Strong expression of type XVII collagen is observed similar 
as in Fig. 9. (B). Cytoplasmatic expression of Hsc-70. (C). Overlay of A and B shows that 
type XVII collagen is not expressed in cells that express Hsc-70 and vice versa. Bar is 10 
µm. 
The model attributes a crucial role to type XVII collagen in the assembly of 
hemidesmosomes. Supportive evidence comes from studies on HEB cells in which 
absence of either full-length or truncated type XVII collagen leads to disturbed 
expression of hemidesmosomal components198,202. For instance, BP230 expression 
was observed in the cytoplasm rather than at the cell membrane202 and surface 
expression of integrin α6β4 in these keratinocytes was half of the expression in 
healthy keratinocytes198. In these cells hemidesmosomes-like structures were formed 
but only re-expression of type XVII collagen led to incorporation of BP230 into 
these structures198. In line, deletion of the amino-acids 145-230 of type XVII 
collagen leads to strongly reduced incorporation of BP230 into hemidesmosomes49. 
When the interaction between type XVII collagen and integrin α6β4 was prohibited, 
then type XVII collagen and BP230 still interacted. No clear hemidesmosome 
formation was observed, thus demonstrating that nevertheless integrin α6β4 being 
indispensable for hemidesmosome formation, it is not needed for type XVII 








Figure 10. Schematic depiction of possible secondary structure of the long COL17A1 
3’UTR variant.  
Computer modelling was performed with Mfold software203,204 and the structure with lowest 
free energy is shown. Box I depicts the conserved region spanning from nucleotides 4728-
4797, which is located in the unique insert in the COL17A1 3'UTR. Nucleotide numbering 
is according to Guidice4. 
In summary, we demonstrate that the alternative 3'UTR splicing of COL17A1 is, 
next to regulation of mRNA stability, also important for the localization of the 
mRNA. It underlines the importance of 3'UTRs in localization of mRNA 
transcripts. The observation that the perinuclear localization of type XVII collagen is 
determined by its long mRNA transcript only may be of help in determining the 
sequence of incorporation of the individual components into the hemidesmosome. 
Furthermore, we show that both COL17A1 mRNA and type XVII collagen are also 
found in non-differentiated suprabasal keratinocytes. This strengthens the 
assumption that type XVII collagen has other functions than solely anchoring the 
basal cells to the basement membrane. 
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